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DSSOLFDWLRQV %HKUHQV HW DO  7KH GHHS GUDZLQJ SURFHVV RI DGYDQFHG DQG XOWUD KLJK VWUHQJWK VWHHOV LQ WKH
DXWRPRWLYHLQGXVWU\LVFKDOOHQJLQJIRU WKHWRROLQJFRPSRQHQWV WKDWSURGXFHFDUERG\SDUWV1HZWRROLQJVROXWLRQV
DUHQHHGHGWRPHHWWKHUHTXLUHPHQWVUHJDUGLQJWRROZHDUWULERORJLFDOVXUIDFHFRQGLWLRQVKRUWWLPHRIPDQXIDFWXULQJ
WKHSRVVLELOLWLHV RI IOH[LEOHGHVLJQ FKDQJHV DQG D FRVW HIIHFWLYH SURGXFWLRQ1HZDSSURDFKHV DOVRQHHG WR UHWKLQN
VROXWLRQV RIIHUHG E\ WKH FRQYHQWLRQDO WRROPDNLQJ OHDGLQJ WR QHZ SURFHVVHV DQG LQQRYDWLYH PDQXIDFWXULQJ
WHFKQLTXHV$SRVVLEOHVROXWLRQLVRIIHUHGE\WKHODVHUFODGGLQJSURFHVVIRUDFWLYHWRROVXUIDFHVLQWKHILHOGRIVKHHW
PHWDO IRUPLQJ .ORFNH HW DO  LV VKRZLQJ FRQFHSWV IRU GHHS GUDZLQJ WRROV FRPELQLQJ WKH ODVHU FODGGLQJ
SURFHVVZLWKORFDOJHRPHWULFDORSWLPL]DWLRQVRIKLJKO\VWUHVVHGVXUIDFHDUHDV,QDGGLWLRQWRWKHWULERORJLFDOVXUIDFH
SURSHUWLHV WKHFRQVLGHUDWLRQRI WKHPHFKDQLFDOSURSHUWLHVRI WKHODVHUFRDWLQJVLV LQHYLWDEOH LQ WKLVVSHFLDOILHOGRI
DSSOLFDWLRQEHFDXVHRIWKHVWUHVVORDGVRIWKHWRROLQSDUWLDODUHDVRIWKHGUDZLQJUDGLXVDQGWKHEODQNKROGHU7RILQG
WKH RSWLPXP SDUDPHWHU VHWWLQJ ZLWKLQ WKH SURFHVV ZLQGRZ RI VXFK ODVHU FODGGHG FRDWLQJV VSHFLILF HYDOXDWLRQ
PHWKRGVDUHQHHGHG WRTXDQWLI\ WKHFRDWLQJVSURSHUWLHV IRU WRROLQJDSSOLFDWLRQV:LW]HOHWDO  IRFXVHGRQD
UHODWLRQ EHWZHHQ SURFHVV SDUDPHWHUV WKHPLFURVWUXFWXUH DQG WKH XOWLPDWH WHQVLOH VWUHQJWK 876 RI ODVHU FODGGHG
,QFRQHO EXONPDWHULDO 7KURXJK WKLV LQYHVWLJDWLRQ D FRKHUHQFH EHWZHHQ SURFHVV SDUDPHWHUV DQG876ZDV VKRZQ
$OVR.|KOHUHWDO VKRZHG WKHHIIHFWVRQIDWLJXHVWUHQJWKRI ODVHUFRDWHGVDPSOHV1HYHUWKHOHVVXVLQJ WKLV
SURFHVVDVFRDWLQJWHFKQRORJ\ZLWKW\SLFDOFRDWLQJWKLFNQHVVHVRI±PPLWLVDOVRYHU\LPSRUWDQWWRORRNDW
WKH LQWHUIDFH]RQHEHWZHHQFRDWLQJDQGVXEVWUDWH$VSHFLDO WHVWLQJGHYLFHZDVGHYHORSHGDQGEXLOWXS LQRUGHU WR
PHDVXUHWKHTXDOLW\DWWULEXWHDGKHVLYHWHQVLOHVWUHQJWK7KHPHDVXUHGDGKHVLYHWHQVLOHVWUHQJWKDQGKDUGQHVVYDOXHV
RIWKHFRDWLQJVDUHGHILQHGDVTXDOLW\DWWULEXWHVE\DSSO\LQJWKHGHVLJQRIH[SHULPHQWPHWKRG

([SHULPHQWDO6HWXS
2.1. Equipment 
$OOZHOGLQJVDPSOHVDUHODVHUFODGGHGRQD7UXPSI'0'ODVHUFHOO7KLVPDFKLQHLVHTXLSSHGZLWKDN:
&2ODVHUVRXUFHDQGDSRZGHUIHHGHU WRDSSO\WKHFRDWLQJPDWHULDOZKLFKLV W\SLFDOJDVDWRPL]HGZLWKDSDUWLFOH
VL]H EHWZHHQ  ± P )LJ  LV VKRZLQJ WKH SURFHVV SULQFLSOH DQG DQ H[DPSOH RI D SDUWLDOO\ FODGGHG '
JHRPHWU\


)LJ6FKHPDWLFSURFHVVSULQFLSOH±ODVHUFODGGLQJOHIWZHOGLQJRSWLFVWRSULJKWWRROVXUIDFHFRDWHGZLWK&XERWWRPULJKW
7U\RXWVRIDQHZVXEVWUDWHFRDWLQJFRPELQDWLRQDUHGRQHRQDVWDQGDUGL]HGIODWVDPSOHDVVHHQLQ)LJ8VXDOO\
OLQHVDUHZHOGHGDWWKHEHJLQQLQJWRILQGDILUVWSDUDPHWHUVHWIRUDVSHFLILFDVSHFWUDWLRRIWKHFODGJHRPHWU\,QD
QH[WVWHSILUVWDUHDVDUHFRDWHGZLWKGLIIHUHQWSDUDPHWHUV LQDVLQJOHDQGPXOWLOD\HU WHFKQLTXH7KLVILUVWVWHSVDUH
EDVHGRQRSHUDWRUH[SHULHQFHDQG WKH WULDODQGHUURUPHWKRG7KHPDLQ WDUJHW LQ WKLVSKDVH LV WRHOLPLQDWH W\SLFDO
IDLOXUHPRGHVOLNHFUDFNVSRUHVDQGWKHGHODPLQDWLRQGHIHFWVRIWKHFRDWLQJ$IWHUDURXJKGHILQLWLRQRIWKHSURFHVV
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ZLQGRZIXUWKHURSWLPL]DWLRQFDQEHGRQHE\ZHOGLQJVDPSOHVZLWKDUHDVZLWKGLIIHUHQWSDUDPHWHUVHWVZLWKLQWKH
SUHGHILQHG SURFHVV ZLQGRZ 'HSHQGLQJ RQ WKH QXPEHU RI REVHUYHG SDUDPHWHUV D IXOO RU IUDFWLRQDO IDFWRULDO
H[SHULPHQWDOGHVLJQLVFKRVHQ7\SLFDOO\HYHU\SDUDPHWHUVHWLVZHOGHGZLWKUHSHWLWLRQV6LQFHUDQGRPL]DWLRQLV
YHU\LPSRUWDQWZLWKLQ'R(WKHDUHDVDUHODVHUFODGGHGLQUDQGRPRUGHU


)LJ6WDQGDUGL]HGVSHFLPHQVIRUOLQHSDUDPHWHUWHVWOHIWDUHDVLQJOHPXOWLOD\HUWHVWPLGGOHDUHDSDUDPHWHUWHVWULJKW
7KHGHVLJQHGWHVWULJWRPHDVXUHWKHERQGLQJVWUHQJWKLVEDVHGRQWKHH[SHULPHQWDOSULQFLSOHRI2OODUGZKRWHVWHG
WKHDGKHVLYHVWUHQJWKRIJDOYDQLFFRDWLQJV.DQDQL,QWKHFXUUHQWVHWXSDJHRPHWULFDOGHILQHGFURVVVHFWLRQLQ
WKHLQWHUIDFH]RQHEHWZHHQVXEVWUDWHDQGFRDWLQJLVVHWXQGHU WHQVLOH ORDGXQWLO IUDFWXUH7KHSULQFLSOH LVVKRZQLQ
)LJ7KHJHRPHWULFDOVKDSH LVPLOOHG LQWR WKHDUHDVVSHFLPHQDQGHDFKDUHD LVXVHGIRURQH WHQVLOH WHVW7KH
PD[LPXPIRUFHLVPHDVXUHGZLWKDORDGFHOO


)LJ&URVVVHFWLRQRIDGKHVLYHWHQVLOHVWUHQJWKWHVWVHWXS
7KHFUDFNLQLWLDWLRQLVUDUHO\LQWKHH[DFWLQWHUIDFH]RQHDQGPRUHRIWHQQHDUE\LQWKHVXEVWUDWHRUFRDWLQJPDWHULDO
DUHDUHSUHVHQWLQJWKHZHDNHVWDUHDLQWKLV]RQH,WLVPDLQO\LQIOXHQFHGE\IDFWRUVOLNHWKHUPDOUHVLGXDOVWUHVVKHDW
HIIHFWHGPDWHULDOGDPDJHVDQGLQWHUPHWDOOLFSKDVHVEHFDXVHRIGLOXWLRQHIIHFWV7KHUHODWLRQVKLSEHWZHHQPHDVXUHG
PD[LPXP WHQVLOH IRUFHV DQG WKH YDULHG SDUDPHWHU VHWWLQJV DUH LQLWLDOO\ GHVFULEHG E\ D OLQHDU SKHQRPHQRORJLFDO
PRGHO ,Q WKLVHDUO\SKDVH WKHUHPLJKWEHQRSK\VLFDOXQGHUVWDQGLQJDERXW WKHPLFURVWUXFWXUHZLWKLQ WKH LQWHUIDFH
]RQHDQGGLYHUVHSRWHQWLDOLQIOXHQFHVRQLW7KHUHIRUHLWLVRIWHQGHVLJQDWHGDVEODFNER[PRGHO1HYHUWKHOHVVLWFDQ
KHOSWRILQGWKHSK\VLFDOFRUUHODWLRQDQGLQWHUDFWLRQE\FDUU\LQJRXWIXUWKHUDQDO\VLV
%HIRUHWKHWHQVLOHWHVWWKHPLOOHGDUHDVSHFLPHQLVDOVRXVHGWRXQGHUWDNH9LFNHUVKDUGQHVVPHDVXUHPHQWVRQ
WKHFRDWLQJPDWHULDOVLGH7KHUHVXOWVDUHXVHGWRGHILQHDPRGHOEHWZHHQWKHKDUGQHVVYDOXHDQGWKHSDUDPHWHUVHW
3XQFK
7HVWVSHFLPHQ
6XEVWUDWH
,QWHUIDFH6XEVWUDWH&RDWLQJ
3UHGHWHUPLQHGEUHDNLQJDUHD
&RDWLQJ
/RZHUVSHFLPHQIL[WXUH
3UHVV)RUFH
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2.2. Tested material combinations 
7KHWHVWLQJVHTXHQFHZDVSHUIRUPHGZLWK WZRGLIIHUHQWVXEVWUDWHDQGFRDWLQJPDWHULDOV)RU WKHVXEVWUDWHVWHHO
WKHPDWHULDOV&:DQG0Q&UDUHFKRVHQLVYHU\RIWHQXVHGDVWKHEDVHPDWHULDOIRU
SODWHV  LV D FRPPRQ XVHG FDVH KDUGHQLQJ VWHHO )RU WKH FRDWLQJPDWHULDOV DQ LURQ EDVHG SRZGHUPDWHULDO
)HUURDQGDQLFNHOEDVHGPDWHULDO1LDUHFKRVHQ%RWKFRDWLQJPDWHULDOVKDYHDJRRGKRWZRUNLQJSRWHQWLDOZLWK
DVRXQGWRXJKQHVVDQGKLJKUHVLVWDQFHDJDLQVWWRROZHDU)RUWKHFKHPLFDOFRPSRVLWLRQVHH7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRIWHVWHGFRDWLQJPDWHULDOV
'HVLJQDWLRQ ZHLJKW & &U 1L 0R )H 0Q 6L %
)HUUR ,URQEDVH     EDODQFH   
1L 1LFNHOEDVH   EDODQFH     

3URFHVV3DUDPHWHU
5HJDUGLQJWKHODVHUFODGGLQJSURFHVVWKHUHDUHPDQ\SURFHVVSDUDPHWHUVLQIOXHQFLQJWKHTXDOLW\DWWULEXWHVRIWKH
FRDWLQJV\VWHP)LJLVDFOXVWHUHGVFKHPDWLFGLDJUDPRISRVVLEOHIDFWRUV


)LJ/0'3DUDPHWHUV
0DQ\RIWKHSDUDPHWHUVDUHGHILQHGEHFDXVHRIWKHPDWHULDOFRPELQDWLRQDQGWKHGHVLUHGILHOGRIDSSOLFDWLRQRI
WKHFRDWHGSDUWV6RPHWUHDWPHQW LVNQRZQWRLPSURYHWKHFRDWLQJTXDOLW\VXFKDVFOHDQLQJWKHVXUIDFHEHIRUHWKH
0DWHULDO
3DUDPHWHUV
6XEVWUDWHPDWHULDO
 7\SH
 &RQGLWLRQ
 6XSSOLHU
&RDWLQJPDWHULDO
 7\SH
 &RQGLWLRQ
 6XSSOLHU
3UHWUHDWPHQW
7HPSHULQJSURFHVV
 6RIWDQQHDOLQJ
 6WUHVVUHOLHI
DQQHDOLQJ
 7HPSHULQJ
3UHKHDWLQJ
6XUIDFH&OHDQLQJ
 6DQGEODVWLQJ
 'HJUHDVLQJ
:HOGLQJ
3DUDPHWHUV
(QHUJ\LQSXWSHUXQLWOHQJWK
 /DVHUSRZHU
 /DVHUIUHTXHQF\
 )RFDOSRVLWLRQVL]H
 &DXVWLF
 )HHGUDWH
3DUDPHWHUIRUGHSRVLWHGPHWDO
 3RZGHUIHHGUDWH
 &DUULHUJDVSDUDPHWHUV
6KLHOGLQJJDVSDUDPHWHUV
 7\SH+H$U
 )ORZUDWH
1R]]OHSDUDPHWHUV
 MHWVWUHDP
 $QQXODUFKDQQHO
 6WDQGRII
 $QJOHRIDSSURDFK
*HRPHWULFDOSDUDPHWHUV
 6WHSEHWZHHQWUDFNV
 1XPEHURIOD\HUV
 7KLFNQHVVRIOD\HU
 3DWKVWUDWHJ\
3RVWWUHDWPHQW
7KHUPDO
WUHDWPHQW
6KRWSHHQLQJ
6WUDLJKWHQLQJ
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FODGGLQJ SURFHVV1HYHUWKHOHVV D ORW RI SDUDPHWHUV FDQ EH YDULHG LQ D FHUWDLQ EDQGZLGWK ,Q WKH FXUUHQW FDVH RI
FRDWLQJGHYHORSPHQWPDQ\SDUDPHWHUVDUHIL[HGDIWHUWKHSUHOLPLQDU\WHVWV)XUWKHUWHVWVHTXHQFHVDUHSHUIRUPHGE\
FKDQJLQJWKUHHWRHLJKWSDUDPHWHUVRQWZRVWDJHV:LWKDQLQFUHDVLQJQXPEHURIYDU\LQJSDUDPHWHUVDIXOOIDFWRULDO
GHVLJQRIH[SHULPHQWLVUHVXOWLQJLQDKLJKWHVWLQJHIIRUW7KLVFDQEHUHGXFHGE\XVLQJIUDFWLRQDOIDFWRULDOGHVLJQV
ZLWKUHVROXWLRQVRI,9RU97DEOHSUHVHQWVW\SLFDOYDULHGSDUDPHWHUV
  7DEOH3DUDPHWHUDQGQRWDWLRQ
3DUDPHWHU ([FHO0LQLWDEQRWDWLRQ 8QLW 'HVFULSWLRQ
Y Y >PPPLQ@ )HHGUDWH
79: 7B9: >&@ 3UHKHDWLQJWHPSHUDWXUH
2/ 2B/ >@ 7UDFNRYHUODSIDFWRU
$1 $B1 >@ $VSHFWUDWLR
)3 )B3 >JPLQ@ 3RZGHUIHHGUDWH
I% IB% >PP@ )RFDOVKLIW
3/ 3B/ >:@ /DVHUSRZHU
I/ IB/ >+]@ /DVHUIUHTXHQF\

)LUVWWULDOVZLWKWKH)HUURFRDWLQJPDWHULDOVKRZDVWDEOHFRDWLQJSURFHVVEDVHGRQZHOGLQJSDUDPHWHUVJDLQHG
IURP H[SHULHQFH ,Q D IXUWKHU VWHSZHOGLQJ OLQHVZLWK GLIIHUHQW VKDSHVZHUH FODGGHG DQG DQDO\]HG$VSHFW UDWLRV
EHWZHHQKHLJKWDQGZLGWKRIDVLQJOHWUDFNEHWZHHQDQGZHUHFKRVHQ$WUDFNRYHUODSIDFWRUVKRZHGJRRG
UHVXOWVZLWKRXWSRUHVDQGFUDFNVLQGHSHQGHQWO\IURPSUHKHDWLQJWKHVXEVWUDWH%DVHGRQWKLVUHVXOWVDQH[SHULPHQWDO
PDWUL[ZDVGHILQHGDVVKRZQLQ7DEOHIRUPHDVXULQJKDUGQHVVDQGERQGLQJVWUHQJWK
7DEOH([SHULPHQWDOPDWUL[)HUURRQIUDFWLRQDOIDFWRULDOIDFWRUVOHYHOVLQH[SHULPHQWVZLWKDUHVROXWLRQ9
)DFWRUV $ % & ' ( FRQVWDQW FRQVWDQW
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
3UHOLPLQDU\ WHVWVZLWK1L DUH SHUIRUPHG VLPLODU WR WKH LURQ EDVHG FRDWLQJPDWHULDO /DVHU SXOVLQJZLWK ORZ
H[FLWDWLRQ IUHTXHQF\ VKRZHG QR VLJQLILFDQW HIIHFW VR WKDW LW LV VHW FRQVWDQW WR WKH PD[LPXP SRVVLEOH YDOXH RI
+]7KHUHIRUHWKHSRZHUGHQVLW\SDUDPHWHULVYDULHGE\VKLIWLQJWKHODVHUIRFXVEHWZHHQDQGPPZKLFK
UHVXOWVLQODVHUVSRWVL]HVEHWZHHQ±PP7KHH[SHULPHQWDOPDWUL[LVVKRZQLQ7DEOH
7DEOH([SHULPHQWDOPDWUL[1LRQIUDFWLRQDOIDFWRULDOIDFWRUVOHYHOVLQH[SHULPHQWVZLWKDUHVROXWLRQ9
)DFWRUV $ % & ' ( FRQVWDQW FRQVWDQW
'HVFULSWLRQ Y
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)3
>JPLQ@
79:
>&@
I%
>PP@
3/
>:@
I/
>+]@
/RZ     
 
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
(DFKSDUDPHWHUVHW LV UHSHDWHG WKUHH WLPHV LQDUDQGRPL]HGZHOGLQJVHTXHQFH2QO\ LQ WHUPVRI WKHSUHKHDWLQJ
WHPSHUDWXUHZKLFK LV DGLIILFXOW DGMXVWDEOHSDUDPHWHU D FOXVWHULQJRI H[SHULPHQWV LV FDUULHGRXW$OO VDPSOHV DUH
FODPSHGRQDPDVVLYHFRSSHUSODWHZKLFKKDVWKHSRVVLELOLW\RIWHPSHUDWXUHFRQWUROOHGKHDWLQJ
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5HVXOWV
$IWHU ZHOGLQJ ZLWK GLIIHUHQW SDUDPHWHUV D VWDQGDUGL]HG VSHFLPHQ KDV  WHVWLQJ DUHDV 7KH VSHFLPHQV DUH
PDFKLQHG WR WKHLU ILQDO VKDSH E\PLOOLQJ GULOOLQJ DQG JULQGLQJ$IWHUPHDVXULQJ WKH KDUGQHVV RI WKH FRDWLQJ WKH
WHQVLOHWHVWWRHYDOXDWHWKHERQGLQJVWUHQJWKLVSHUIRUPHG)LJVKRZVWKHVSHFLPHQEHIRUHDQGDIWHUWHVWLQJ

 
)LJDUHDVSHFLPHQEHIRUHOHIWDQGDIWHUWHQVLOHWHVWLQJULJKW
4.1. Evaluation of Ferro55 on 1.1730 / 1.7131 
4.1.1. Hardness of Ferro55 
/RRNLQJ DW WKH UHVXOWV RI KDUGQHVV PHDVXULQJ RQ )HUUR ZHOGHG VSHFLPHQV LW FDQ EH VKRZQ WKDW WKHUH LV D
VLJQLILFDQWLQIOXHQFHFDXVHGE\GLIIHUHQWSDUDPHWHUVHWWLQJVDVVHHQLQ)LJ:LWKDFRQILGHQFHLQWHUYDORIWKH
IROORZLQJUHJUHVVLRQHTXDWLRQFDQEHZULWWHQ
ܪܽݎ݀݊݁ݏݏሾܪܸͷሿ ൌ ͸͸͹ǤͲ ൅ ͲǤͲ͸͸ ή ݒ ൅ ʹǤͶ͸ ή ܱ௅ െ ͶǤͻͻ ή ܨ௉ െ ͲǤͳͲͶ ή ௏ܶௐ െ ͲǤͲͶ͵ͷͻ ή ௅݂ െ
െͲǤͲͲ͸Ͳ͸ ή ݒ ή ܱ௅ ൅ ͲǤͲͲͲͶʹ͹ ή ݒ ή ௏ܶௐ ൅ ͲǤͲͲͲͲͶͲ ή ݒ ή ௅݂ ൅ ͲǤͲͲʹͻͶͺ ή ܨ௉ ή ௅݂ െ ͲǤͲͲͲͲʹͻ ή ௏ܶௐ ή ௅݂

)LJ0DLQHIIHFWVRIKDUGQHVV)HUUR
2SWLPL]LQJDOOZHOGLQJSDUDPHWHUVWRDPD[LPXPKDUGQHVVWKHUHLVSRWHQWLDOIRULQFUHDVLQJWKHKDUGQHVVRIDERXW
ZKLFK FDQ OHDG WR LPSURYHPHQW UHJDUGLQJ WRROZHDU UHVLVWDQFH ,W LV LQWHUHVWLQJ WKDW DOO SDUDPHWHUPHDVXUHV
OHDGLQJ WR D ORZHU FRROLQJ UDWH OLNH LQFUHDVHG SUHKHDWLQJ WHPSHUDWXUH ORZHU IHHG UDWH KLJKHU WUDFN RYHUODS IRU
H[DPSOHDUHOHDGLQJWRDKLJKHUKDUGQHVVRIWKHFRDWHGPDWHULDO
4.1.2. Ultimate adhesive strength of Ferro55 
/RRNLQJ DW WKH UHVXOWV RI WKHXOWLPDWH DGKHVLYH VWUHQJWKRI WKH FRDWLQJV WKH UHVSRQVHRI WKHTXDOLW\ DWWULEXWH LV
GLVSOD\LQJFOHDUGLIIHUHQFHV7KHHYDOXDWLRQRIWKHDGKHVLYHVWUHQJWKLVQRWGRQHZLWKDWHQVLRQYDOXHEHFDXVHLWLV
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All displayed terms are in the model.
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LPSRVVLEOH WRUHDFKXQLD[LDOVWUHVVFRQGLWLRQZLWKWKHVPDOOVSHFLPHQJHRPHWU\2QWKLVDFFRXQW WKHHYDOXDWLRQLV
GRQHZLWKWKHPD[LPXPWHQVLOHIRUFH
7HVWLQJ WKH FRDWLQJPDWHULDO)HUURRQ WKH WZRGLIIHUHQW VXEVWUDWHPDWHULDOV WKH UHVXOWV VKRZGLIIHUHQW HIIHFWV
UHSUHVHQWHGLQ)LJ
 
)LJ0DLQHIIHFWVRIDGKHVLYHWHVW)HUURRQVXEVWUDWHOHIWDQGULJKW
,WVHHPVWKDWSUHKHDWLQJWKHVXEVWUDWHWR&LVFDXVLQJDPDVVLYHWKHUPDOGDPDJHWRWKHFRDWLQJV\VWHP
ZKHUHDVSUHKHDWLQJKDVDSRVLWLYHHIIHFWRQWKHVXEVWUDWH7KHFKRVHQFRQILGHQFHLQWHUYDOIRUWKLVDQDO\VLVLV
7KHSRWHQWLDORIRSWLPL]DWLRQEHWZHHQWKHZRUVWDQGEHVWSDUDPHWHUVHWLVDOPRVWIRUDQGDOPRVW
 IRU  6LQFH WKH YDULDWLRQ RI VHWWLQJV LV UDWKHU VPDOO WKHUH VHHPV WR EH DQ LPSRUWDQW LQIOXHQFH RQ WKH
ERQGLQJVWUHQJWKRIWKHFRDWLQJ
4.2. Evaluation of Ni25 on 1.1730 / 1.7131 
4.2.1. Hardness of Ni25 
7KHQLFNHOEDVHGFRDWLQJ1LVKRZVQRVLJQLILFDQWWUHQG/RRNLQJDWWKHER[SORWRIKDUGQHVV)LJWKHUHPLJKW
EHDVOLJKWGHFUHDVHZLWKKLJKHUSUHKHDWLQJWHPSHUDWXUHV

)LJ%R[SORWRI+DUGQHVV±1LLQGHSHQGHQF\RIWKHSUHKHDWLQJWHPSHUDWXUH
4.2.2. Ultimate adhesive strength of Ni25 
:HOGLQJWKHWHVWVSHFLPHQVZLWKWKHQLFNHOEDVHG1LFRDWLQJLWZDVH[SHULHQFHGWKDWWKHUHLVDKLJKHUULVNRI
FUDFNIRUPDWLRQZLWKRXWSUHKHDWLQJWKHPDWHULDO)RUWKLVUHDVRQDOOJDLQHGYDOXHVZLWKRXWSUHKHDWLQJDUHQRWWDNHQ
LQWRDFFRXQW)LJVKRZVDFOHDUGLIIHUHQFHRIERWKWKHWHVWHGVXEVWUDWHV,WVHHPVWKDWWKHFRPELQDWLRQ1L
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Worksheet: Ferro55_1730_5fact_2lev_16exp_adhesive _test









 
2B/ >@
0
HD
Q
RI
7
HQ
VL
OH
)
RU
FH
>1
@
)B3>JPLQ@ 7B9:>&@
0DLQ(IIHFWV3ORWIRU7HQVLOH)RUFH>1@
)LWWHG0HDQV
Worksheet: Ferro55_7131_5fact_2lev_16exp_adhesive_test
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Worksheet: Ni25_div_5fact_2lev_16exp_Hardness_all
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LVQRWIDYRUDEOHDVFRDWLQJV\VWHPZKHUHDVDJRRGERQGLQJVWUHQJWKRQFDQEHUHDOL]HGE\FKRRVLQJDKLJK
IHHGUDWHDQGDORZWUDFNRYHUODSIDFWRU

)LJ0D[LPXPWHQVLOHIRUFHRI1LDQGWKHVXEVWUDWHVDVUHVXOWRIWKHSDUDPHWHUVIHHGUDWHDQGWUDFNRYHUODSIDFWRU
,W LV DOVR LQWHUHVWLQJ ZKHQ FRPSDULQJ ERWK WHVWHG FRDWLQJ PDWHULDOV WKDW WKH DGKHVLYH VWUHQJWK LV VWURQJO\
LQIOXHQFHGE\WKHFKRVHQVXEVWUDWHPDWHULDO%HVLGHRIWKHSRWHQWLDORIRSWLPL]DWLRQRIRQHPDWHULDOFRPELQDWLRQLWLV
FOHDUWKDW)HUURFRDWLQJVXEVWUDWHDQG1LFRDWLQJVXEVWUDWHVHHPWREHWKHEHWWHUFKRLFHVRI
DOOWHVWHGFRPELQDWLRQV
6XPPDU\DQG2XWORRN
7KHSUHVHQWSDSHUGHVFULEHVRQHSRVVLEOHDSSURDFKIRU WKHRSWLPL]DWLRQRI ODVHUFODGGHGFRDWLQJV(YHQWKRXJK
WKH /0' SURFHVV KDV EHHQ LQGXVWULDOO\ DSSOLHG IRU VRPH \HDUV QRZ WKH XVHG FRDWLQJ V\VWHPV DQG PDWHULDO
FRPELQDWLRQV DUHPRVWO\ OLPLWHG WR YDULDQWV WKDW KDYH EHHQ GHWHUPLQHG DQG YDOLGDWHG E\ WULDODQGHUURUPHWKRGV
&RPPRQ YDOLGDWLRQ WHFKQLTXHV VXFK DV FUDFN GHWHFWLRQPHDVXUHPHQW RI KDUGQHVV DQG WKH HYDOXDWLRQ RIPLFUR
VHFWLRQV DUH RIWHQ LQDGHTXDWH ZKHQ LW FRPHV WR KLJK PHFKDQLFDO UHTXLUHPHQWV 7KLV LV ZK\ RQH IRFXV RI WKLV
UHVHDUFKZDV WKHGHYHORSPHQWRIQHZVWDQGDUGL]HGHYDOXDWLRQPHWKRGVWRRSWLPL]H/0'OD\HUV$VVKRZQLQ WKH
UHVXOWV RI WKLV SDSHU VHYHUDO IDFWRUV KDYH GLIIHUHQW LPSDFW RQ TXDOLW\ DWWULEXWHV E\ WHVWLQJ GLIIHUHQW PDWHULDO
FRPELQDWLRQV 2QH YHU\ XVHIXO WRRO ZDV WKH PHDVXUHPHQW RI WKH DGKHVLYH VWUHQJWK EHWZHHQ WKH FRDWLQJ DQG WKH
VXEVWUDWH PDWHULDO DV LW LV DQ XQSUREOHPDWLF TXDQWLWDWLYH DVVHVVPHQW RI GLIIHUHQW FRDWLQJ V\VWHPV RU PDWHULDO
FRPELQDWLRQV7KHREWDLQHGUHVXOWVFDQEHXVHGWRPDNHWKHIXQGDPHQWDOGHFLVLRQZKHWKHUWRXVHDGHILQHGPDWHULDO
SDLULQJRUQRW)XUWKHU WKHVDPHUHVXOWVFDQEHXWLOL]HG WRDSSO\ WKHSULQFLSOHVRI'R(DQG WKHUHIRUHRSWLPL]H WKH
FRDWLQJSDUDPHWHUV1HZ VXEVWUDWHFRDWLQJ FRPELQDWLRQV FDQ WKHUHIRUHEH YDOLGDWHG DQG HQKDQFHG HIIHFWLYHO\ DQG
IDVW7KHRSWLPL]DWLRQSRWHQWLDORIWKHDGKHVLYHVWUHQJWKZLWKLQDVWDEOHSURFHVVZLQGRZZDVIRXQGWREHZLWKLQD
WZRWRWKUHHGLJLWSHUFHQWUDQJHIRUDOOWULDOV7KLVFDUULHVDWUHPHQGRXVSRWHQWLDOIRULPSURYHPHQWRIVXFKFRDWLQJ
V\VWHPV1HYHUWKHOHVV WKLVDSSURDFKLVUDWKHUDSKHQRPHQRORJLFDOGHVFULSWLYHPRGHOWKDWGRHVQRWDFFRXQWIRUWKH
XQGHUO\LQJSK\VLFDOPHFKDQLVPV7KHSUHVHQWHGWHVWSURFHGXUHGRHVKRZHYHUSURYLGHWKHSRVVLELOLW\WRH[SORUHWKLV
FRKHUHQFHLQDWDUJHWRULHQWHGPDQQHU7KHHYDOXDWLRQRIWKHDGKHVLYHVWUHQJWKKDVEHHQSURYHQWREHHDVLO\DSSOLHG
ZKLOHLWGHOLYHUVVLJQLILFDQWDQGVWDEOHUHVXOWV
$FNQRZOHGJHPHQWV
7KLV SDSHU LV VXEPLWWHG LQ PHPRU\ DQG VLQFHUH JUDWLWXGH WR 5DOI .ROOHFN ZKR GLHG XQH[SHFWHGO\ DIWHU VKRUW
LOOQHVVLQ-DQXDU\$VIRUPHUKHDGRIWKH,QVWLWXWH7RROV	)RUPLQJZHORVWDIULHQGDQHQWKXVLDVWLFVXSSRUWHU
DQGDSDVVLRQDWHHQJLQHHU
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Worksheet: Ni25_div_5fact_2lev_16exp_adhesive_test_comp
Individual standard deviations were used to calculate the intervals.
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